Abstract: DMT is one of the most popular methods of determining soil parameters needed to design a safe construction. Apart from the basic outcome parameter obtained from DMT measurements hydraulic conductivity (k) can be determined, previously proposed DMTA and DMTC methods were modified. The basic idea of the method is that the return of the deformed membrane is due to soil and water pressure. In the proposed SASK method the hydraulic conductivity of the soil is determined by measuring time-varying pressures A and C. Research has been performed at the experimental site of the Department of Geotechnical Engineering, WULS. In the paper, the assumptions of the new method for determining the hydraulic conductivity k are presented. The proposed method allows us to determine a reliable value for the hydraulic conductivity of clay soils. Using this method, the value of hydraulic conductivity (k = 5,47*10 -11 ) is similar to the results of BAT, DMTA and laboratory measurements.
LIST OF SYMBOLS
A -first pressure reading, which allows concave membrane to be in contact with the ground, C -third pressure reading that occurs during the return of the deformed membrane of 1.1 mm, k -hydraulic conductivity, p 0 -corrected first reading, p 1 -corrected second reading, p 2 -"closing pressure" C corrected for membrane stiffness, p c -dissipation of pressure C, p flex -pressure at the inflection point, T flex -inflection time on A values curve, c h -coefficient of horizontal consolidation, k h -coefficient of horizontal hydraulic conductivity, a -dilatometer calibration coefficient, γ w -water unit weight, M h -soil compressibility modulus, Q -volume of water flow equal to the volume of a section of a sphere formed from the deformed membrane, Q k -volume of sphere segment, l -average range of soil involved in the flow of water, t 2 -time of water flow, R -radius of the sphere, r -radius of the membrane, 
INTRODUCTION
Probings with Marchetti dilatometer (DMT) along with CPTU are included to standard tests commonly used in the assessment of geotechnical conditions of designed structures [2] , [8] , [9] . DMT test allows us to determine not only the standard soil parameters -strength and deformation, but also the hydraulic parameters needed for the design of hydraulic structures and for assessment of the environmental impact of buildings. The key parameter in the hydraulic design and environmental assessment of the soil-water conditions is coefficient of permeability k commonly called hydraulic conductivity, for which two methods of determination according to DMT test were proposed: DMTC [10] , [4] , [5] and DMTA method [7] . One of the achievements of comprehensive research with dilatometer DMT application for fine-grained soils conducted in the Department of Geotechnical Engineering, Warsaw University of Life Sciences (WULS) is the development of the rules for the interpretation of data to determine the hydraulic conductivity. In the proposed method, the hydraulic conductivity of the soil is determined by measuring with dilatometer time-varying pressures A and C. The value of A is the pressure which allows the membrane to be in contact with the soil. The value of C is the pressure that occurs during the return of the deformed membrane of 1.1 mm in the direction of the surrounding ground to the plane of the blade (Fig. 1) . The proposed method for determining hydraulic permeability assumes that the return to the position of the deformed membrane to plane blade is thrust through the groundwater flowing from the surrounding fully saturated ground. The stream of groundwater flow depends on the geometry of the membrane deflection and time.
In the paper, the assumptions of the new method for determining the hydraulic conductivity k are presented, as well as justification, research methodology and test results of clay soils at the experimental site of the Department of Geotechnical Engineering, WULS. The results of DMT tests comparing the BAT system lead to the conclusion that using the proposed method one can determine the correct values of hydraulic conductivity of clays. 
METHOD PROPOSED
In the proposed SASK method to determine the hydraulic conductivity of the soil measured by DMT time-varying pressures A or C are used. The A is the pressure, which allows concave membrane to be in contact with the ground while pressing the membrane into the surrounding soil. From the distribution of values of A T flex can be determined, following the assumption of Marchetti and Totani [7] in DMTA method that it is the time at which on the curve of A values variation occurs at inflection point. In the DMTA method time T flex is used to determine the coefficient of horizontal consolidation (c h ) and the coefficient of horizontal hydraulic conductivity (k h ) using the following formulas [7] c h = a/T flex ,
where: a -dilatometer calibration coefficient (cm 2 ) for the dilatometer manufactured by Marchetti a = 7 cm 2 , T flex -inflection time on A values curve (s), k h -coefficient of horizontal hydraulic conductivity (cm/s), γ w -water unit weight (g/cm 3 ), M h -soil compressibility module (bar). The value of C is the pressure that occurs during the return of the deformed membrane of 1.1 mm towards the soil to the plane of the blade. In the proposed SASK method, it is assumed that the return of the deformed membrane to the position of the plane blades is due to pressure of the soil (soil rebound) and groundwater flowing from the fully saturated soil medium surrounding the membrane. The stream of water flow is dependent upon the deflection of the membrane geometry and time. The course of changes in water volume due to the deflection of the membrane was determined for dilatometer tests used in the spherical soil space (Fig. 2) . The proposed method assumes that the water flow is at a variable pressure gradient. To calculate the hydraulic conductivity (k) the following formula is proposed 
• Calculate k from the proposed equation.
In the SASK method it is recommended to carry out measurements of C that do not cause distortion of the essential tests in identifying pressures p 1 and p 2 . Values of A can also be applied, however this can cause many errors in determining k value of hydraulic conductivity.
CHARACTERISTICS OF THE STUDY AREA
Stegny plot is located in the southern part of Warsaw, in Mokotów district, in Stegny residential neighborhood. This area is on the River Vistula terrace. Location of the terrace is 5-10 meters above the mean water level in the river. Soils which occur in the substrate are miopliocene clays [1] , [3] .
Miopliocene clays are represented mainly by the complex of clayey soils, with subordinate amounts of silty soils of limnitic origin. In the vertical profile of the clays a few sedimentation cycles, from sands to clays, were observed. The whole complex of Pliocene clays comprises: clays, silty clays (60-70%), silts (10-25%), sands (10-20%).
The mineral comparison of the clays consists primarily of clay minerals and quartz, with subordinate feldspars and micas, as well as siderite, pyrite, gypsum, marcasite, goethite and hematite. The CaCO 3 and organic matter content do not exceed 5% and 1%, respectively. Among the clay minerals, mainly mixed-layer minerals of the beidellite-illite and kaolinite series are encountered. The basic properties of the Miopliocene clays depend on the clay fraction content: thus, the parameters of the Stegny clays are closely similar to those of clays from other parts of Warsaw. Their natural water content is almost equal to the total, and the degree of saturation is >0.95. The range of the values and means of each parameter are as follows [1] , [3] :
• natural water content 19.2-35.6%, 27.6% on average;
• liquid limit 37.5-96.4%, 69.5% on average;
• plastic limit 22.5-41.0%, 30.5% on average;
• plasticity index 19.4-58.0%, 38.9% on average;
• liquidity index from -0.27 to -0.24, -0.09 on average;
• activity 0.39-1.27, 0.7 on average;
• degree of saturation >0.95;
Within the Stegny plot 10 Marchetti dilatometer soundings were carried out to a maximum depth of 18.2 m. Measurements were taken at 0.2 m intervals, in accordance with the recommendations contained in the methodology developed by Marchetti [6] . After reading the values of A, B, C obtained from dilatometer measurements of pressures p 0 , p 1 , p 2 were calculated. Then, after obtaining the p 0 , p 1 , and calculating the value of the effective vertical stress vo
and U D were defined.
In addition to the previous dilatometer tests carried out on Stegny plot three profiles DMTA and DMTC tests were made. An example of DMT test results for clay soils on Stegny site is presented in Fig. 3 .
The results were used to determine the hydraulic conductivity according to the proposed method at a depth of 6 m. The particle size distribution of Stegny clay at this depth is shown in Fig. 4 . Clay at this depth was characterized by the parameters:
• natural moisture content w n = 26.03%, • plastic limit w p = 25.89%, • liquid limit w l = 78.38%, • plasticity index I p = 52.49.
Based on the p c measurements dissipation of DMTC pressures and the second derivative of DMTC are calculated and shown in Fig. 5 . To calculate hydraulic conductivity using SASK method the following data were assumed: Q = 1.56*10 -6 m 3 ; p 1 , p 2 = 1150.950 hPa, respectively; A = 28.27*10 -4 m 2 ; t 2 = t flex = 2100 sec. The hydraulic conductivity of Stegny clays obtained using SASK method (k = 5.47*10 -11 m/s) was compared with previous tests results using BAT and DMTA methods as well as those obtained in laboratory (Fig. 6) . 4. CONCLUSIONS This paper presents a method of determining soil hydraulic permeability measurements using flat dilatometer (DMT). The basic idea of the method is that the return of the deformed membrane is by soil and water pressure (expansion of the porous medium and simultaneous filtration of water). To calculate the volume of flowing water the influence of the membrane in the zone designated by the three values of ground displacement was taken into account. The method was adopted in accordance with the Darcy law including a variable hydraulic gradient. The calculations assume time corresponding to the value of t flex (the inflexion point of the pressure dissipation curve C). Experimental results confirmed the correctness of the calculations for the clays occurring at the Stegny site. The major conclusions of the calculations and research include:
• The proposed method allows us to determine a reliable value for the permeability coefficient of clay soils. Using this method, the value of permeability coefficient is similar to the results of BAT, DMTA and laboratory tests;
• In this method, it is recommended that the hydraulic gradient should be defined for time t flex obtained from the curve of C values. It is considered that the previous method is inappropriate and affects the basic geotechnical investigations;
• In the proposed method, it is recommend to adopt the maximum permissible differential pressure p 1 and p 2 as 200 kPa. The proposed method was examined for a single case of clay soil at the depth of 6.2 meters to obtain reliable results. However, before prevalence, there is a need of further validation.
